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ABSTRACT 
Schmidt-Lanterman  clefts  in frog sciatic  nerves  have  been  studied  in  thin 
sections by electron microscopy utilizing permanganate  fixation and araldite em- 
bedding. It is shown that they are shearing defects in myelin in which the lamellac 
are  separated  widely at  the major  dense lines. Each  lamella consisting of two 
apposed Schwann cell unit membranes ~-~ 75 A across traverses the cleft intact. 
The unit membranes composing each  lameUa sometimes are  slightly  (~-~ $0 to 
100 A)  separated  in the clefts. The layers between the lamellae contain mem- 
branous structures  which  may  be  components  of  the  endoplasmic reticulum. 
These layers are continuous with the outer layer of Schwann cytoplasm and the 
thin and inconstant cytoplasmic layer next to the axon (Mauthner's sheath). Each 
of these layers in perfect clefts constitutes  a  long helical pathway  through  the 
myelin from the axon. One of these is connected with Schwann cytoplasm and the 
other  directly  with  the  outside.  A  type  of cross-sectional shearing  defect, not 
h/therto  recognized, is described and shown to be a kind of Schmidt-Lanterman 
cleft. 
Incomplete clefts are seen and interpreted  as representing stages in a dynamic 
process whereby the myelin lamellae may be constantly  separating  and coming 
together again in life. 
The interruptions known as Schmidt-Lanterman 
clefts or incisures (Schmidt, 1874 (18); Lanterman, 
1877 (8))  are a  well known feature of the myelin 
sheath.  These  are  funnel-shaped circumferential 
discontinuities distributed frequently and  rather 
irregularly (10 to 100 micron intervals) throughout 
the  internodal myelin.  Certain  special  staining 
procedures  reveal  a  system  of  delicate  strands 
which  course spirally through  the  funnel-shaped 
defects. This system is called the spiral apparatus 
of  Golgi-Rezzonieo. Admirable light  microscopic 
descriptions of the clefts and the spiral apparatus 
are given by Cajal (1, 2)  (see also Nageotte (11)). 
Previously published  electron  micrographs  of 
Schmidt-Lanterman (S-L)  clefts (4)  did not show 
any regularly organized internal structure, and the 
clefts  appeared  as  complete  open  breaks  in  the 
myelin sheath.  Accordingly, it appeared  possible 
that  they might be low resistance pathways for 
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internode current flow between the axon and the 
outside  during action potential propagation  (4). 
More  recent  electron  microscope  observations 
suggested that the clefts were in fact irregularly 
traversed  by  some  membranous  components  of 
myelin (I0), (14). 1 It was apparent then that they 
could not be such completely open pathways for 
ionic current flow as initially  assumed. The possi- 
bility still remained that the relatively large spaces 
between  these  membranous  components  were 
connected  directly  to  the  outside.  The  findings 
1  Since submission of this manuscript for publication 
the work of Luxoro (10), published in the form of a 
Ph.D.  thesis, was called to the author's attention by 
an Editor of this Journal. It was indicated that Luxoro, 
in 1956, also observed membranous layers traversing 
the clefts but that  the resolution in his  micrographs 
did  not permit  visualization  of  the  details  reported 
here. This work has not been examined by the author 
and is, therefore, difficult to discuss. 
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reported  here,  by  establishing  the  nature  of  the 
membranous  components,  eliminate  this  possi- 
bility.  A  pathway  which  is  connected  directly  to 
the outside is demonstrated,  but its dimensions are 
such that it seems unlikely to be of importance in 
ionic diffusion  (3).  It will be shown  that  the S-L 
clefts  represent  a  type  of  shearing  separation  of 
the  myelin  lamellae  of  which  many  variants  are 
seen. The organization of these shearing defects is 
such that  the spiral apparatus  of Golgi-Rezzonico 
can be explained. 
Materials and Mahods 
Adult  frogs  (Rana  temporaria)  were  used.  The 
animals  were  chilled  to  ice  water  temperature  and 
pithed.  The sciatic  nerve was  partially exposed  but 
not  manipulated,  and  ice  cold  fixative,  adjusted  to 
isotonicity with frog Ringer solution, was injected into 
the fascial sheaths around  the nerve fiber or on some 
occasions into the sciatic artery3  Injections were not 
made into the nerve bundle itself. Mter the injection 
of the fixative, the animals were left on ice for 30 min- 
utes. Then the nerve fibers were dissected out and de- 
hydrated  with alcohol or placed  in  a  vial of fixative 
immersed  in  ice water  for  times varying from  ~  to 
5~  hours  before  dehydration.  Both veronal acetate- 
buffered OsO,  and  KMnO4 (9)  at pH  7.6  were used. 
Four hours' fixation seemed best for OsO~ and 3  hours 
for KMnO,. The tissues were then washed after fixa- 
tion with a few changes of cold distilled water for 30 to 
60  minutes and  dehydrated  in  successive changes  of 
ethyl  alcohol  at  about  20  minute  intervals in  a  re- 
frigerator.  They  were then  embedded  in araldite  (7) 
or, in the case of Fig. 2, in methacrylate. Sections were 
cut  with a  Porter-Blum  microtome  and  glass  knife. 
They were mounted on carbon films on a  special type 
of slit grid  and examined with a  Siemens Elmiskop lb 
electron microscope equipped with molybdenum aper- 
tures,  a 
The micrographs in Figs. 15 and  16 show material 
handled  in  a  different way.  In  this  case,  the  sciatic 
nerve was removed from the chilled animal and placed 
in ice cold Ringer solution with its molarity increased 
to 0.24 by the addition of sucrose.  The fiber was left 
in this  solution  2 hours  on ice and  then fixed  in  the 
usual  manner  with  isotonic  KMnO4  fixative.  While 
certain  changes  which  will  be  described  separately 
were  brought  about  by  this  procedure,  the  cross- 
sectional shearing  defect which the micrograph  illus- 
trates  is not believed to have resulted  from the pro- 
cedure  because  such  defects  are  frequently  seen  in 
normal  material.  This  micrograph  was  used  merely 
because the sucrose treatment seemed to have improved 
somewhat the quality of the fixation. 
3Molybdenum  apertures  may  be  obtained  from 
Baker  Platinum  Ltd.,  London.  They  can  be  cleaned 
RESULTS 
Figs.  1 and 2 show the usual appearance of S-L 
clefts in material fixed with OsO4. They appear as 
diagonal  breaks  in  the myelin in which irregular, 
lacy,  dense  lines,  often  with  associated  dense 
granules,  run  out  from  the  myelin lamellae.  The 
dense lines seem continuous with the major dense 
lines of the lamdlae, but more detailed analysis is 
frustrated  by  the  obvious  disorganization  in  this 
type of preparation. 
Fixation with permanganate  and  embedding  in 
araldite  brings  about  a  striking  change  in  the 
clefts,  as may be seen in Figs. 3  to  14.  While no 
clear organization is seen in cross:sections (Fig. 4), 
definite regular  structures  are seen traversing  the 
clefts in  longitudinal  sections.  Close  examination 
of Figs. 5  to  14 should  make it clear that  each of 
the  myelin  lamellae  traverses  the  clefts  intact. 
This  is particularly  well shown  in  Figs.  5  to  10. 
The lamellae in  the clefts are separated  from one 
another  by  interlamellar  spaces  varying  from  a 
few hundred  angstrom units up to a  few tenths of 
a  micron. Each lamella has  the same structure  as 
a mesaxon (5), (15), (17).  In the clefts the lamellae 
appear  wider  (i50  to  300  A)  than  they  do  in 
adjacent  compact  myelin.  They  consist  of  two 
apposed  pairs  of  dense  lines.  Each  line  of  the 
pairs  is about 25 A  thick,  and  each pair makes a 
unit  -~75 A  across.  These ~--75 A  units are some- 
times  in  contact  with  one  another  within  the 
cleft,  making  a  lamella  ~-150  A  across,  which 
appears  as  three  parallel  dense  lines  (Fig.  11). 
More often the ~75 A units are separate with a  gap 
< 100 A wide between them. At the borders of the 
clefts  the  two  leaflets  of  the  ~-75  A  wide  units 
bounding  the  <100  A  intralamellar  gaps  join 
together to make the intraperiod lines of compact 
myelin. The other  two leaflets join with  those  of 
the  adjacent  lamellae  to  occlude  the  intervening 
cytoplasmic space and make the major dense lines 
of compact myelin (arrows 2, Figs. 8 to 10). 
In  Fig.  11  the  outermost  lamella  of  a  deft  is 
shown.  Here  the  central  gap  is  dosed  and  the 
lamella appears as three paralld dense lines making 
a unit ~  150 A  across.  Outside there is the ~75 A 
wide  pair  of  lines  making  the  Schwann  surface 
membrane.  Between the latter and  the outermost 
lamella there  is  an intervening very thin  layer of 
Schwann  cytoplasm  (Sck.).  Since  the  myelin 
simply by heating in high vacuum in a  molybdenum 
boat for about  15 minutes at a  temperature near the 
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TzxT-Fio. 1.  Diagram of a Schmidt-Lanterman cleft in a segment of myelin in longitudinal section. The outer 
Schwann cell membrane is shown above as a pair of lines making a unit about 75 A across. Two such units with 
a gap between them are seen below, making the axon-Schwann membrane. Each myelin lamella is composed of 
two such units in contact. The heavy dense lines are produced where the adjacent lamellae are in contact with 
one another. The lamellae each traverse the cleft after separating at the heavy dense lines. Within the clefts the 
units composing the lamellae sometimes separate  slightly with a gap  < 100 A wide between them. This gap is 
produced by a splitting of the intraperiod line which bisects each myelin lamella (using lamella to mean the struc- 
tures from center-to-center of each heavy or "major" dense line of compact myelin). The separations between 
the lamellae in the cleft are much wider than the intralamellar gaps. At the positions indicated by the letters A, 
B, and C the appearance of segments of cross-sections of the cleft is shown. In A and C inner and outer mesaxons 
are shown, respectively. The basement membrane layer (b.m.) is indicated above, but not below. 
lamellae are spirally arranged (6),  (13),  it follows 
that the material on the deft side of this outermost 
lamella is connected with Schwann cytoplasm, and 
the interlamellar space  throughout the  cleft is a 
thin continuous helical layer connecting the thicker 
nudeated Schwann cytoplasm at the outer surface 
with the thin layer next to the axon (see Text-fig. 
3).  For  the  same  reason  the  narrow gap, where 
present,  between  the  two  --75  A  units  of  each 
lameUa in the deft is continuous with the gap  of 
the mesaxon and thus is connected with the outside. 
The  separations  of  the  lamellae  within  the 
defts  are by no means always as  regular as  the 
above  description  might  suggest.  For  example, 
Fig. 3 shows  two  types of irregularity commonly 
seen. To the left the deft does not quite reach the 
axon and two similar shorter defects run parallel 
to it near the axon. To the right the deft does not 
completely traverse  the  myelin.  Another incom- 
plete ddt is seen in Fig. 9. In Fig. 14 a deft is seen 
in which several of the lamenae are not separated at 
all. In Figs. 12 to 13 a few lameUae are incompletely 
parted and some traverse the deft without separat- 
ing. Sometimes shearing separations of the lamel- 
lae like those in longitudinal sections are seen in 
cross-sections (Figs.  13 and  16). These run diag- 
onally through a  segment of  the myeiin, but are 
not  circumferentially complete.  In  this  type  of 
separation the spaces  between the lamellae do not 
communicate with Schwann cytoplasm. In longi- 
tudinal sections such defects  are sometimes seen 
as  sac-like separations of a  few lamellae running 
for a few microns and ending blindly. 
In Fig. 9  the unlabelled arrows point to struc- 
tures  which  are  occasionally  seen  in  the  inter- 
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TI~x~-FIG.  2.  Similar to Text-fig. 1, but on a smaller scale with the intraperiod lines of the myelin not showtt. 
A way  is indicated here whereby the direction of the cleft may reverse without interrupting the continuity of 
the helical interlamellar space.  At the lower right an inset enlargement is shown to indicate the greater detail 
shown in Text-fig. 1. 
Tr~xT-FIo.  3.  Three dimensional drawing of an internodal segment of an immature myelinating nerve fiber. 
The mesaxon consists of the two enfolded Schwann cell ~75 A  unit membranes in contact along their outside 
surfaces making a membrane ~-dS0 thick. This is elaborated spirally about the axon, and here  over two complete 
loops have developed. The central portion of the segment is cut away to illustrate the spiral layer of Schwann 
cytoplasm extending from the outer Schwann cell surface between the mesaxon loops to the surface next to the 
axon. In adult fibers this spiral layer of cytoplasm is excluded by contact of the cytoplasmic surfaces of the mesaxon 
loops. In Schmidt-Lanterman clefts it is restored by a staggered separation of the loops forming a conical pathway 
from the axon-Schwann membrane to the outer Schwann cell surface.  The gap between the ~,75 A units of the 
axon-Schwann membrane is exaggerated here. It is actually sometimes dosed in developing fiibers. J.  DAVID ROBERTSON  43 
profiles 300  to  600  A  in diameter consisting of a 
light  core  surrounded  by  a  pair  of  dense  lines 
making a membrane ~ 75 A across. In Figs. 8 and 
12 invaginations of the Schwann surface membrane 
are seen  which  might  suggest an  origin for  such 
profiles. They could represent components of the 
endoplasmic  reticulum,  and  this  would  suggest 
that  the interlamellar material is Schwann  cyto- 
plasm.  It  is  quite  possible, however,  that  these 
profiles represent local finger-like evagiuations of 
the  ~75  A  units  forming  half  of  each  lamella 
traversing the cleft. 
Text-fig. I  presents a  diagrammatic interpreta- 
tion of the findings presented here. One idealized 
S-L  cleft  in  the  myelin  sheath  in  longitudinal 
section is shown. At the planes designated by the 
lines A, B, and C small segments of cross-sectional 
diagrams are given.  Schwann  cytoplasm and  the 
inteflamellar  material  continuous  with  it  are 
stippled. It is evident from the diagram that there 
is  present  a  long  continuous  helical  pathway 
connected  with  Schwann  cytoplasm  staggered 
along  the length  of  the  cleft.  This  connects  the 
outer layer containing the nucleus with  the  thin 
layer  next  to  the  axon.  A  similar  long  helical 
pathway which  is  much  thinner  connects  the 
central gaps of the inner and outer mesaxons with 
the outside. This pathway is interrupted by clo- 
sures of the intralamellar gap in several places. 
Text-fig. 2 is similar to Text-fig. I, but the scale 
is  reduced  and  the  intraperiod  lines  are  shown 
only in the inset enlargement. Here the staggering 
of the separations of the lamellae is reversed half- 
way  through  the  cleft,  producing  a  V-shaped 
figure such as those sometimes seen in longitudinal 
sections (19). In this instance, the continuity of the 
helical interlamellar space is not interrupted as the 
myelin is traversed. It is clear that various com- 
binations  of  interlamellar  separations  can  be 
drawn  to  account  for  compound  clefts,  such  as 
these seen in Figs. 3 and 14 and many others. 
DISCUSSION 
A  most  perplexing question  is whether  or not 
the S-L clefts exist in the living undamaged nerve 
fiber.  It  seems  difficult to  be  sure  that  the pro- 
cedures involved in the preparation of any nerve 
fiber  for  observation  could  not  produce  them. 
Observations such  as  those  of Lanterman  (8)  in 
which  they  were  seen  in  nerve  fibers  in  intact 
living  frog  mesentery  are  difficult  to  ignore, 
however, and the clefts and related shearing defects 
should  not  all  be  lightly  dismissed  as  fixation 
artifacts.  Nevertheless,  considerable stretches  of 
nerve fiber without clefts are often seen. Moreover, 
they  become  more  apparent  in  fibers  that  have 
been  isolated  in  Ringer  or  other  fluids.  It  has 
been  suggested  that  they  result  from  strains 
following a loss of turgor within the fiber (Young, 
1945 (20)). 
An interesting point is the observation that the 
clefts frequently do not run  all the way through 
the myelin and that they are sometimes observed 
to be incomplete circumferentially (/.e- present on 
only one side in a longitudinal section (4)). Some- 
times only isolated separations of the lamellae are 
seen. Furthermore, shearing separations, in many 
ways  like  S-L  clefts  but  running  through  the 
myelin in  cross- instead of longitudinal sections, 
are  sometimes  seen.  Partial  or  compound  clefts 
and  the analogous cross-sectional defects like the 
classical S-L clefts might obviously be interpreted 
as artifact. On  the other hand,  they can equally 
well be explained by considering all these variants 
to represent stages in a  dynamic process whereby 
the  myelin lamellae are  continually parting and 
coming together during life in response to physio- 
logical  stresses  and  strains.  Schwann  cytoplasm 
could enter the interlameUar spaces as they develop 
and be trapped in pockets and  used up  metaboli- 
cally as the spaces close. Rearrangements of these 
pockets could lead to any of the observed variants.* 
On the other hand, the spaces could merely repre- 
sent  local  aggregations  of  water  conceivably 
arriving  there  along  interlamellar  spaces  or  by 
traversing  the  lamellae directly. Further  studies 
of the structures present in  the spaces might  be 
expected to clarify this point. It is of interest in 
connection  with  the  above  to  note  that  Cajal 
states  that  mitochondria have  been  seen  within 
*For  instance,  an  imaginative  consideration  of 
Text-figs.  1 and  2  will show  how  the cross-sectional 
defect of Figs.  13 and 16 could develop from a perfect 
S-L cleft. In the perfect cleft each interlamellar space 
is a part of a  circumferentially complete spiral. Con- 
sider each space  in cross-section  and  visualize  it ob- 
literated throughout  most  of its circumference.  Con- 
sider  the  resulting  isolated  pockets  now  located  in 
overlapping but different planes along the longitudinal 
axis of the fiber to be aligned,  but staggered slightly 
with respect to one another around the circumference 
of the myelin.  A  reduction in  their staggering along 
the longitudinal axis of the fiber then brings them all 
into the same cross-sectional  plane and  leads to  the 
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the myelin sheath  (2). This, however, has not to 
date been confirmed by electron microscopy. 
Irrespective of the real or artifactitious nature 
of the S-L clefts, it appears now that the beautiful 
spiral apparatus  of  Golgi-Rezzonico seen  in  his- 
tological  preparations  by  light  microscopy  (2) 
may be explained in terms of the three dimensional 
picture presented here. The stains used in demon- 
strating  the spiral apparatus  must  simply follow 
the helical pathway along the separated lamellae 
in  the  clefts. It  appears,  then,  that  the  demon- 
stration of  this spiral apparatus provided one of 
the earliest clues to the spiral arrangement of the 
myelin lameUae. 
Certain  recent  physiological  observations  (3) 
(12)  have suggested that the gap in the mesaxons 
of unmyelinated  nerve fibers (17)  may provide a 
major  pathway  for  ionic  current  flow  in  action 
potential propagation. This pathway in S-L clefts 
is  identifiable with  the  intralamellar separation, 
but  is  extremely thin  and  long.  Its  thickness  is 
much  less than  that  of  the  gap  in  C  fibers and 
~- 10  a to 10. times as long, depending on the myelin 
sheath  thickness.  It  is  occasionally  completely 
interrupted by closure of the gap. It is often  < t/~ 
the  thickness  of  the  gaps  in  the  inter-Sehwann 
membranes at nodes (16), and again much longer. 
For instance, in the case of one frog sciatic fiber 
of 9 microns over-all diameter, the myelin thickness 
measured  1.5  microns  and  the  intralamellar 
separation 20 to 50 A. The path length from the 
axon surface to  the outside via the intralamellar 
gap is in this instance ~2500 microns (2.5 ×  107 A). 
This compares with a  few  tenths  of a  micron or 
less at nodes. Thus in S-L clefts the intralamellar 
pathway is many times (~ 10')  longer and  about 
three  times thinner  than  that  commonly seen at 
nodes. These facts clearly bear importantly on the 
differences between nodal and internodal electrical 
properties. Even  if the  clefts are present in  life, 
it  is  ditficult to  believe that  they  constitute  an 
effective pathway for current flow. 
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PLATE 14 
FIG.  1.  Longitudinal section of myelinated fiber showing a Schmidt-Lanterman cleft fixed in OsO4 and embed- 
ded in araldite. X  6,000. 
FIG.  2.  Higher magnification of a portion of a  longitudinal section of a  cleft fixed in OsO4 and embedded in 
methacrylate. Note the irregular, dense lines, some of which seem to be continuous with the heavy dense lines of 
the myelin. A few irregular, small, dense granules are also seen. X  85,000. 
FIG.  3.  Longitudinal section of a  cleft fixed in KMnO4 and embedded in araldite. Here the cleft is traversed 
by more regular lines than those seen above. X  11,000. 
FIc.  4.  Cross-section of a myelinated fiber through a cleft. Since the lamellae traversing the cleft are sectioned 
very obliquely, they are not seen clearly here. The outer mesaxon is visible above. KMnO4-fixed; araldite-em- 
bedded. X  7,000. 
FIo.  5.  Portion of a deft in longitudinal section. Eight lamellae are seen traversing the deft. At the arrows 1 
it may be seen that each lamella consists of two apposed pairs of dense lines making units  ~75 A across. The 
units of the lamdlae are separated from one another by gaps  < 100 A wide.  Each of the lamellae traversing the 
deft is separated from the adjacent ones by a  space measuring 400 to 800 A across. At the arrows 2 the major 
dense lines of the myelin are seen to be formed by the contact of adjacent lamellae with one another. KMnOe 
fixed; araldite-embedded. ×  206,000. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE  14 
VOL. 4 
(Robertson: Ultrastructure of Schmidt-Lanterman clefts) PLATE  15 
FIG.  6.  Portion of longitudinal section of a  cleft traversed by each myelin lamella. At the arrows 1 it can be 
seen that each of the traversing lamellae consists of two apposed, but slightly separated units ~  75 A wide. Each 
of these units is formed by a pair of dense lines ~25 A thick. The formation of the major dense lines of the myelin 
by the contact of adjacent lamellae may be seen at  the arrow 2. KMnO4 fixed; araldite-embedded. X  100,000. 
FIG.  7.  Section similar to that shown in Fig. 6. Axoplasm (ax.)  is to the right. The Schwann surface membrane 
(Sch. m.)  and basement membrane (b.)  are to the left, Again the  ~ 75 A units composing the lamellae traversing 
the cleft may be seen at the arrows 1. The formation of the major dense lines of the adjacent myelin by the contact 
of the lamellae at the edges of the cleft may be seen at arrow 2. Note the poorly defined circular profile between 
the fourth and fifth lamella from the bottom. This measures about 300 A in diameter and is considered to be the 
same as the profiles indicated by the unlabelled arrows in Figs. 8 to 9. KMnO4-fixed; araldite-embedded. X  67,000. 
FIG.  8.  Section similar to Fig. 7,  showing part of the outer end of a  cleft. Axoplasm (ax.)  and axon-Schwann 
membrane (ax.-Sch.)  are to the left. Note the pairs of dense lines making the two  ~  75  A  units which form the 
axon-Schwann membrane. The gap between these units is here about  100 A wide. A  very thin layer of Schwann 
cytoplasm  (Sch.)  is present to the left of the myelin and a  much thicker layer to the right. The outer Schwann 
surface membrane is partly fragmented to the right, but  two invaginations  (unlabelled arrows)  are seen in  the 
intact part of it. Several circular profiles (unlabelled arrows) measuring about 300 A in diameter are seen in some 
of the interlamellar spaces. These have a  membrane consisting of a  unit about  75  A  across formed by one pair 
of thin dense lines. The lower of these is enlarged in the upper inset  (arrow).  At arrows 2  the production of the 
major dense line of the myelin by the contact of the lamellae traversing the cleft with one another can be seen 
with particular  clarity,  even though the  lamellae in  the cleft are so obliquely  sectioned that  their structure  is 
obscured. One  of these regions is enlarged in the  lower inset.  KMnO4-fixed; araldite-embedded. X  69,000. Lower 
nset X  160,000.  Upper inset X  209,000. THE  JOURNAL OF 
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FIG. 9.  Longitudinal section of a  cleft with axoplasm  (ax.)  below.  The axon-Schwann membrane  (ax.-Sch.) 
is rather indistinctly shown. The arrangement of the innermost lamellae of the cleft is disrupted. Note  (lower 
inset) that each of the lamellae  traversing the cleft is composed of two pairs of lines making units about 75 A 
across (arrow 1) and that the major dense lines of the myelin are formed by contact of adjacent lamellae (arrow 
2). The unlabelled arrows point to circular profiles measuring about 500 A in diameter, each with an ~75 A unit 
membrane (upper inset, arrows). Compare with Fig. 8.  Each has a membrane consisting of a pair of dense lines 
making a  unit about 75  A across.  KMnO4-fixed;  araldite-embedded. )<  52,000. Upper inset,  X  132,000. Lower 
inset, )<  102,000. 
FIG.  10.  Longitudinal section of cleft, showing three traversing lamellae.  Axoplasm (ax.)  appears to the left. 
The  axon-Schwann membrane  (ax.-Sch.)  is  somewhat fragmented, but  in  some places  (arrow)  its  component 
--~75 A units may be seen. The lamella traversing the cleft in the center of the field  shows the two component 
75 A units with unusual clarity (arrow 1 and inset enlargement). The production of  the heavy dense line of the 
myelin by the apposition of this lamella with the next one below is fairly well shown at the arrow 2. This micro- 
graph is closer to exact focus than most of the others and the grain is thus minimal. For comparison, see inset 
Fig. 9, which is somewhat underfocussed. The background grain is, therefore, accentuated. KMnO4-fixed; araldite- 
embedded. X  130,000. Inset, X  223,000. 
Fro.  11.  Longitudinal section of a  cleft at  its outer origin with the outer layer of Schwann cytoplasm (Sch.) 
bounded by the Schwann surface membrane (m.) to the right. The outermost lamella at the beginning of the cleft 
is seen at the unlabelled arrow. Note that this consists of three parallel dense lines making a  unit about 150  A 
across,  as may  be seen at the arrow. KMnO4-fixed;  araldite-embedded. )<  120,000. THE  JOURNAL OF 
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Fla.  12.  Longitudinal section showing the outer end of a cleft with a layer of Schwann cytoplasm (Sch.).  The 
Schwann surface membrane (m.) appears as a pair of dense lines, making a unit about 75 A across. An invagination 
of this surface membrane is seen at the unlabe|led arrow. The basement membrane (b.) appears as a hazy reticulum 
just outside the Schwann surface membrane. The outermost lamella of the cleft can be seen, but the details of its 
structure are obscured. The production of the major dense lines of the myelin by the contact of the lamellae tra- 
versing the cleft may be seen at the arrows 2. Note the irregularity of the lamellae in the cleft and that some of 
them traverse the cleft partly or completely without separating. KMnO4-ftxed;  araldite-embedded. X  75,000. 
FIG. 13.  Longitudinal section of a cleft  showing the  arrangment  of  the  outermost  lamellae,  although  their 
fine structure is obscured. Axoplasm (ax.)  is below. The outer Schwann cytoplasm (Sch.)  contains three mito- 
chondria with cristae. KMnO4-fixed;  araldite-embedded. X  49,000. 
FIG. 14.  Longitudinal section of a cleft, showing irregularities. Axoplasm (ax.) is to the left, and outer Schwann 
(Sch.) cytoplasm to the right. In the central portion of the cleft several lamellae  are not separated. KMnO4-fixed; 
araldite-embedded. X  48,000. 
FIG. 15.  Cross-section of a  small myelinated nerve fiber showing an axon  (ax.)  with its Schwann cell  (Sch.) 
containing a nucleus (Sch. n.). 2 The outer mesaxon (m.) is clearly seen. The inner mesaxon is barely visible near 
the unlabelled arrow. Note the diagonal shearing defect in the myelin below.  This region is enlarged in Fig. 16. 
KMnO4-fixed; araldite-embedded. X  15,000. 
Fla.  16.  Part of the myelin shown in Fig. 15. Note the staggered separations of the lamellae running diagonally 
through the myelin. Compare with Figs. 12 to 13. The axon (ax.) contains two mitochondria (M.) without cristae. 
The axon-Schwann membrane (ax.-Sch.)  is prominent. The outer mesaxon (m.)  is clearly visible,  but the inner 
one near the unlabelled arrow is not so clearly seen. KMnO4-fixed;  araldite-embedded. X  29,000. THE  JOURNAL OF 
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